Marine microalgae, Pavlova lutheri, Tetraselmis tetrathele, and Chaetoceros gracilis, were cul tured for some time during the stationary growth phases, respectively, although they are generally har vested as live feed around the early stationary growth phases. Their fatty acids including eicosapen taenoic acid (EPA) and docosahexaenoic acid (DHA) were periodically analyzed during the culture periods, and thus evaluated the effect of the prolonged culture period on the accumulation of fatty acids in each microalga. By culturing P. lutheri longer than the ordinary harvest time, a slight increase was observed in the combined contents of EPA and DHA after reaching the stationary growth phase, while the prolongation of the culture period was not effective for T. tetrathele. On the other hand, C. gracilis accumulated the fatty acids rapidly and largely during the stationary growth phase and thus in creased the combined contents of EPA and DHA, although their relative percentages decreased with the culture time. At later stationary growth phase of C. gracilis, the total fatty acid content and the com bined contents of EPA and DHA were about eight and four times larger than those at the late exponen tial growth phase, respectively, and were the largest among all the samples examined. Therefore, prolonging the culture period after reaching the stationary growth phase will be advantageous at least for the harvest of C. gracilis enriched in fatty acids including EPA and DHA.
Marine microalgae are widely used as incipient feed in a culture farm.1) These marine microalgae are generally har vested at either the late exponential growth phase or the early stationary growth phase. Therefore, most studies on the effect of the growth of microalgae on the cell compo nents were restricted to the culture period up to the early stationary phase, although the cell components are known to vary with various culture conditions such as medium composition, light intensity, temperature, and growth phase.2-5) On the other hand, marine microalgae contain ing eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are found to improve the survival, growth, and vitality of cultured larval fish, shellfish, and prawn.2,6,7) This indicates the nutritional importance of these fatty acids accumulated in the algal cells. Pavlova lutheri3,8,9) (Haptophyceae), Tetraselmis tetrathele4,6,10,11) (Prasinophyceae), and Chaetoceros graci lis5,7,12-14) (Bacillariophyceae) are known to be useful as feed for larval fish, shellfish, prawn, and rotifers. In the present study, we investigated variations in fatty acid com position and contents of these microalgae during the cul ture periods from the inoculations to some time after reaching the stationary growth phases. Thus, the effect of prolonging the culture period on the fatty acids in each alga was evaluated. Fatty Acid Analysis of Microalgae The algal cells were periodically collected from 10-20 ml of the culture media by centrifugation at 2,500 rpm for 20 minutes. Then, the cells collected were washed with 3 ml of 3% NaCl by the centrifugation. The total lipid in the cells was extracted by the method of Bligh and Dyer.'6) Fat ty acids of the total lipid were quantitatively determined us ing n-ocatadecane as an internal standard. 
Results
Fatty Acid Composition of Microalgae Table 1 shows the fatty acid composition of each microalga harvested at the late exponential growth phase. All the microalgae contained large amounts of 16:0 and 16:1, but the relative percentages of 20:5 (EPA) and 22:6 (DHA) were substantially different among the algal spe cies.3,a,12) For example: P. lutheri contained larger amounts of EPA and DHA; T. tetrathele contained less DHA; C. gracilis contained both fatty acids moderately. increased the percentage of EPA slightly (Fig. 2b) , while C. gracilis showed a tendency to decrease their relative per centages (Fig. 2c ). Figure 4 shows the combined contents of EPA and DHA in each alga. Their variations in T. tetrathele and C. gracilis were similar to those of their TFA contents/ 106 cells shown in Fig. 3a (Fig. 4a) . The combined contents in T. tetrathele were confirmed to be smaller than C. gracilis. However, since EPA and DHA contents were correlated not only to the TFA content (Fig. 3 ) but also to their rela tive percentages in the total fatty acids (Fig. 2) , a large amount of EPA and DHA/ml of culture media were ob served for P. lutheri (Fig. 4b) , in spite of a small amount of the TFA content. This depended mainly on its higher percentages of EPA and DHA compared to the other two species. Furthermore, a slight increase in their contents was also observed after reaching the stationary growth phase. C. gracilis accumulated considerable amounts of EPA and DHA after reaching the stationary growth phase owing to the feasible increase of TFA content, although their relative percentages decreased. Their maximal con tents, observed at the late stationary growth phase, was about four times larger than that at the late exponential growth phase.
Discussion
In order to improve the nutritional value of the microal Fig. 4 . Changes in the combined contents of EPA and DHA in P. lutheri, T. tetrathele, and C. gracilis.
a: EPA and DHA contents/106 cells, b: EPA and DHA con tents/ml of culture media.
Symbols are the same as those in Fig. 3 . ga as live feed for aquaculture, we attempted to increase its fatty acids including EPA and DHA by culturing it longer than the ordinary harvest time. Namely, the culture con tinued for some time after reaching the stationary growth phase but was not restricted to the period to the early sta tionary growth phase. However, the effect of the proc essing differed by the algal species used in this study. The prolongation of the culture period was not effective for T. tetrathele, because the alga did not significantly increase fatty acids during the stationary growth phase. This sug gests that T. tetrathele should be harvested around the late exponential growth phase as reported by Okauchi.4) Tatsuzawa and Takizawa have investigated the effect of culture conditions in the fatty acid content and composi tion of P. lutheri and reported that culture temperature affects the fatty acid composition in P. lutheri and light in tensity affects the production of fatty acid.3) In our experi ment, in spite of spending considerable time, only a slight increase in fatty acids including EPA and DHA was ob served for P. lutheri. Therefore, prolongation is not al ways effective for P. lutheri to improve its nutritional value as a food organism.
On the other hand, C. gracilis showed an attractive tendency to accumulate the fatty acids markedly after reaching the stationary growth phase, and at the late stationary growth phase the TFA content was about eight times larger than that at the late exponen tial growth phase, when C. gracilis is usually harvested. In addition, the high level of the TFA content was supposed to be maintained at least for ten days after reaching the maximal content, and thus will facilitate the harvest in a culture farm if the processing may be realistically used. EPA and DHA were also accumulated depending on a large amount of the TFA, although their compositional percentages decreased with the prolongation of the culture period. These results suggest that the accumulation of fat ty acids in algal cells are not always the largest around the early stationary phase, when algae are usually harvested, and that the prolongation of the culture period, a simple processing, was advantageous at least for the accumula tion of fatty acids in C. gracilis. This finding must be use ful for aquaculture because the processing required time but not any additional equipment.
At the present stage of the experiment, we have not stud ied some significant factors regarding the culture of C.
gracilis, such as temperature, light intensity, medium com position, bacterial coexistence, and culture scale,5,12-14 each of which will influence the accumulation of fatty acids. In addition to these factors, the excretion of extracel lular products by the microalgae has not been investigated in this study, although the extracellular metabolites will be closely related to the growth of microalgae and fatty acid accumulation. 19,20) Moreover, physiological and morpho logical studies and application of C . gracilis for aquacul ture have not been performed yet. There are still many problems to be investigated. However, if the culture of C. gracilis is prolonged properly after reaching the stationary growth phase, we will obtain the preferable food organism enriched in the fatty acids including EPA and DHA. 
